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INTRODUCTION

As part of the Inshore Survey program in Boston EBEay,
samples for an analysis of organic content were removed at
certain levels frem Kullenberg cores. The coring opereations
were conducted from the R/V CARYN during the weeks of April
29, 1952 and May 12, 1952, inclusive (W.H,0.I. Ref. No. 52-56).
Other reports concerned with this program from which data
were used for the present study, are the following: W.H.O0.I.
Ref, Nos, 53-15, and 53-17,

The purpose of obteining values for organic content in
bottom sediments was: (1) to add to the information yieldead
by mechanical analysis; (2) to study the occurrence of higher
values of orgenic content in scme limited areasj and (3) to
study the relationship between organic content and the fric-
tional and cohesive qualities of sediments.

ANALYTICAL METHODS

The chromic acid reduction metiiod for an analysis of
orgenic content in soils (Allison, 1935) wes uvsed as directsd
by instructions in the "General specifications for the indivi-
dual erea covered by Inshore Survey contractors", enclosure
ir. Hydrogrephic letter code L6-GJ/eb ser. 863, dated April 7,
1952, Some mincr modifications of the wet combustion method
were employed end additvional analyses for contaminants were
made to adapt the method to marine sediments; otherwise the
Allison schedule wes followed in detail,.

Sempling end Preparation: As stated in an earlier report
(W.H.0.I. Ref. No, 52-56), two and one-quarter inch sections
were remcved from 67 cores usually at two foct intervals,

The sample was removed with a teaspoon from ceriain horizons

of the core, but no attempt was made to secure the entire dia-
meter of the plug at the particular horizon chosen., It is
possible that the sample is not representative of that horizon,
The sample should have included the entire diameter of the -~
plug section to obtein as representative a sample as possible.

Following a rigidense measurement, enough material was
removed to fill a two ounce shell vial. Five drops of chloro-
form were added just before sealing the vials”, ©Some microbizl

% The vials should have been rinsed out with chloroform before
adding the sample to assure good penetration of the bacteri-
cidael reagent, Drying should be delayed as little as vossible,
Very fluid, watery-silt samples should be put up in eight ounce
., quantities to provide enough sediment for analysis.
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activity probatly occurred in the samples during the four to
six weeks storage period prior to drying in an oven. The
samplas were oven-aried at 8¢ to 95°C (weksman, 1929, 1933)
for four days until thorougnly ary, and then stored in a desic-
cator until wet combustlon analysis was begun, The organic
content anslysis was begun Octover 28, anc completed by
December 17, 1952,

Vials contalning the samples were again oven-dried at 90°
for four days, just prior to analysis, to bring them tc con-
stant welight, and then cooled in a freshly charged desiccetor,
The entire contents of each vial in turn was removed, placed
in a mortar, and ground with a pestle until as much as pos-
sible of the sample had been reduced to less than 10C mesh,
Coarse fragments of quartz, felspar, and other granitic materials
were removed from the sample, es only the finer fractlons of a
sediment have been shown to contain residues of orcanic material
(Twenhofel, 1950; Trask, 1942). Fragments of coal ~ere slso
removed, but were .elghed and expressed as a per cent ¢l thne
total semple weight, It is assumed that the source of such
ccal is iIndustrial and not nrtural tc the sediments of the rtos-
ton area (La Forge, 1932), The amount of coal or slsg present
was reilatively slight, as cnly two samples out of the 157 were
so contaminated, and these were from the uppermocst layer of
sediment,

The 100 mesh sampies were carefully mixed on a plastic cr
waxed paper sheel in accordance with the technique recommended
by Scott (1939). Each corner wes 1ifted in turn at least 50
times before welghing cut a 0.5 zrem sample for aralysis,
Samples were run in duplicate, All values represcnt everages
from titers of duplicate runs, It was found thet samples run
in duplicate without mixing coften gave a srread of 5% to O
deviation In the titer, Mixing generally gave duplicate titers
less than 2%. It was imposasible to m!x, representatively,
fractions larger than 100 mesh with those smaller, Only the
smaller fractions entered intc the uctual snalysis., However,
it 1s assumed that all significant amcunts of organic matter
in a sample were measursecd in the anaiysle, The total weignt
of inorganic material was slightly lower than that actually
represented in the fleld sample. It 1s suggesatea that entire
samples be ground in 8 mill which will ~educe the semple to
less than 100 mesh,

After drying tc ccrnstant welght, mixing, and weighing cri-
tically, the 0.5 gram samples ior fractions thereof if insufl-
ficient sediment was aveilable) were carefully brushed with a
good queliiy, artists', shedless, semi-soft bruch into hesvy-
welled, pyrex ignition test tubes (200 mm x S mm o.d.) con-
teining pre-oven-dried 0,1 N pctassium dichrcmate soiution,
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Just prior to digestion, 10 cc of 95.5 per cent sulfuric acid

were sdded, (It is important that only glass comes in cocntact

Wwith the acid in setting up & dispensing unit). A further
refinement for marine sediments not employed in the present
snalysis, recommended by Southward (1952), is the =sddition of 25 gms
silver sulfate to each liter of acid. - )

Digestion of the Sample: The accuracy of the analysis
depends largely upon the care employed in heating the digest.
The Allison-Schollenberger method requires that the digest
sample be brought up to 175° within a period of 90 seconds
and immediately upon reaching this temperature be allowed to
cool in air for 5 minutes before attempting to chill further
with running water. Following this technique duplicate samples
rarely gave less than 5% deviation from their average. In an
experimental run using a single sample, digests were allowed
to remain at a temperature of 175°C for & period of 30 seconds
in addition to the usual time schedule. Constant temperature
was achieved. plus or minus 0.5°0. by passing & 3 cm high
flame from thz microburner amcross the bottom of the ignition
tube at two second intervals, In practice this technique
showed no apprecliaeble increase in average values of the reduc-
tion oxidaticn processes in the analysis but the deviation
between the titer of two samples was usually below 2% (Fig. 1,
Table 1). The digest time was extended to a total of 120
seconds, 90 seconds to reach 175°C and 30 seconds duration at
175°C, in the analysis carried out in this laboratory for the
Boston Bay sediments,

Preparation of the Digest for Titration: After diluting
the digest to 150 cc with distilled water, the sample solutions
Wwere permitted to steand for exactly 30 minutes before titrating.
If & sample sclution was allowed to stand for more or less
time then that given in the Allison schedule, the amount cf
titer varied accordingly. If sodium fluoride salts, followed
by the indicator {(barium diphenylamine sulfonate was used
because it gave sharp end points), were added immediately prior
to titration, no trouble was experienced, but 1f aaded even as
much as two or three minutes before titration was begun, results
were more varieble. Apparently time is a very important factor
to consider if reproducible results are desired, irrors mey
also be caused by excess potassium dichromate hecoming <Srarped
on undissolved grains of sodium fluoride.

Computations: Computations were made in accordance with
the Allison-Schollenberger method using the following formuls:

100 x Aml. X normality of Fe(NHa)(SOh)g x 3156
weight of sample

% of organic carbon =
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Table 1

Date from a digest time run

Titer in cec Titer in cc
efter 90+0 aefter 90+30
seconds Dev, seconds Dev,
13.95 0.56 13.25 0.12
14,10 D% 13519 0,03
Lol 0.2l 13.05 0.08
13,05 0.34 13.20 0.07
13440 0.01 13.10 0.03
13.50 Ohecl L 13.15 0.02
13.65 0,26 13.00 0.13
13.05 0,34 30 g 0.17
13.10 0,29 3o JHE (0] 0.17
12,95 0.LhL 12.95 018
13.80 0.41 13.C0 923
13.00 0.39 13.10 0.03
13.39 0.34 means 13.13 0.1
Maximum deviation Maximum deviaticn
in test run 05 715ee 2= in test run 0.18 cc
Maeximum deviation Maximum deviation
in practice 1.5 cc in practice 0,50 ce
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where & ml, is the titer difference betwezn sample and blank,
and 0.3456 is & constent including the Schollenberger con-
stant multiplied by the milliequivalent weight of carbon.

Comments ovn the Preparation of Reagents: Following some
experimentation 1t was found unnecessary to use a Kipp hydro-
gen generator to keep the ferrous ammonium sulfate stable,

The solution was made up b liters at a time in a 5-1liter brown
bottle to which an automatic burette was connected. The &air
intake line was stoppered off when the burette was not in use,
An equilibrium between the carbon dioxide in the atmosphere
over the reagent was apparently reached in a few days and the
normelity of the solution, checked twice daily, decreased on
the average of 00083 N per day over a period of two weeks dur-
ing which time the supply was exhausted. when the concen-
trated sulfuric acid content of the ferrous ammonium sulfate,
as described in the Allison schedule, is raised from 20 cc to
140 cc per liter, a drift in normality of .00031 per day was
observed (Table 2).

If silver sulfate solution is emplcyed to take up the
chloride in the analysis it should be added to the stock
supply of concentrated sulfuric acid used to prepare the
sample for digestion,

During standardization of the ferrcus ammonium sulfate
solution with potassium dichromate solution, sharper end points
could be obtained if 1C cc concentrated sulfuric acid diluted
with 150 cc of cold distilled water and cooled to room tem-
perature, 1s added to the solution just prior to titration.

Total Organic Content Analysis: Organic content of 8%
of the samples was determined by the loss of weight on igni-
tion at 600°C for 2 hours. After drying samples in their ori-
ginal vials for L days at 90°, the vials were stoppered and
placed in a desiccator to cool prior to weighing. Samples were
removed quickly to porcelain crucibles predried for 1 hour at
600°C; the vials were then reweighed for the preignition weight
of the sample. In this menner, error from molsture adsorption
wWwas minimized, Dried marine sediments are extremely hydro-
scopic, The crucibles containing the samples were then placed
in an electric oven for 2 hours at 600°C, cooled in & desic-
cator, and weighed. Palrs of duplicate samples were ignited
and the weight losses averaged.

Total Extractable Iron Anelysis: Total iron was analyzed
by the use of Knop's modification of Penny's method (Knop,
192l;3 Penny, 1850?. Samples Were first prepared (and ignited
as described above) to eliminate the carbon prior to digestion,
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Table 2

Drift in normality of the ferrous emmonium sulfate
solution without e hydrogen atmosphere

Normality Date Checked Average Deily Change

.236 Nov., 1l )
235 . Nov. 17 ) .0008 N

.233 Nov, 21 ) 20 cc Hp50) /L
231 Nov, 24 )
.2L0 Nov, 26 )
. 210 ~ Dec, 1 )~
.238 Dec., 3 ) .00031 N
.238 ~Dec, 8 ) 40 cc Hp80),/L
237 Dec, 9 ) '
.235 - Dec, 10 )

Table 3

Results of total extractable iron enalysis
on some of the sediment samples from Boston Bay -
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226B Si1lt 2' Recent 0,343 0,19 0,0117
226B Clay 4' Glecial 0,357 0.58 0.036
2194 Silt 0' Recent 3,65 0.40 0,025
148B Send 0,5' Recent 2.98 0,311 0,019
208A Si1lt ‘0' Recent 2.24. 0,304 0.019
184A S11t 0" Recent L .09 0,451 0.028
163A Clay 0! Recent 1.83 0.47 0,029
166A S;lt 0! Recent 513 O.4l4) 0,027
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P v
CRITIQUE OF THE ORGANIC CARBON ANALYSIS

The Allison method is not directly suited to an analysis
of organic cerbon in marine sediments, but requires some modi-
fications to obtain —reproducible results. The modifications
used in the present study hsve been described under ssasmple
preparation and digestion.

In the analysis, according te Emery and Tracsk, free car-
bon is not oxidized, and carbonate carbon is niot included.
Therefore it 1is presumed that organic carbon is determined.

The method has been criticized by Emery and Trask (Emery &
Rittenberg, 1952; Trask, 19,2) who agree that high values of
carbon will be obtained for highly reduced organic msterials.
[t 1s improper to assume that all samples of that sediment

are at the same state of reduction, despite their depth in

the environment, Emery (Emery & Rittenberg, 1952) states that
it 1s not an absolute method because such an assumption is
false, Trask (1942) recognized this fact and used the Schol-
lenberger method to obtain what he called a "reduction number",
which was used as a rough index of the degree of reduction

in marine sediments, Emery (Emery & Rittenberg, 1952) has gone
a step farther end used values obtained with the Allison method
to evaluate the state of reduction in a sediment by comparing
the difference between such values and those determined by the
Waksmaen-Starkey combustion method which measures the weight of
carbon dioxide liberated (Waksmen & Starkey, 1923). Large
differences between results of the two methods indicate a high
state of reduction of the organic matter.

In: this study the independent cerbon determinations are
not evailsble to permit the calcuiation oi' reduction by the
method of Trask or Emery. The above limitations of the method
must be considered in evaluating our "carbon" values,

Reliasbility of the Method: To test the reliebility of
the Allison-Schollenberger method as applied to marine sedi-
ments, the carbon determination by the method was compared to
the loss on ignition at 600°C for 8% of the samples analyzed,
Most organic carbon values were between 37% and LL4% and
averaged }j1,9% of the total organic matter, Dirferences bet-
ween duplicate determinations for organic carbon averaged
between 0,05% and 0,15% of the total sample weight, the dif-
ferences increasing with carbon content, This error reflects
only the degree of reproducibility and does not imply devia-
tions from an absolute value for organic carbon.

Tests for Contaminants: A limited inquiry into the affects
of coal and iron on the Allison method was made and the amount
of interference determined,

CONFIDENTIAL

SECURITY IRFORMATION



CONFIDENTIAL

SECURITY INFCRMATION
S

Coal: Contrery to Emery's (Emery & Rittenberg, 1952)
contention that free carbon is not oxidized, samples contain-
ing grains of coal gave considerably higher velues for carbon
than those same samples with the coal removed. The two samples
which contalned coal fragments were cleared of the contaminant—
before the Allison method was employed., Southward (1952) also
found that coal affected the methoed,

Iron: It was noticed that some semples had shown a rusty
color upon exposure to air for a few.days suggesting the pre-
sence of some iron in the sediments, Some samples from cores
exhibiting this color change alsc had higher organic content
values, As the amount of pyrite i1s known to affect the reduc-
tion of orgenic matter in situ, end could also interfere with
the Allison method, iron analysis was made on some of the
samples and the results are.presented in Table 3,

The highest concentration of iron was 0.58%. It is -com-
puted that this proportion of iron would be-eguivalent to
0,036% organic carbon if it reacts completely in the Allison
method. The organic carbon determined in this particular
sample was 0,35%., If all of the iron is involved in the re-
action, the correct carbon value should be 0,393 if all
ferrous iron were present, or 0,321% if all ferric-iron were.
present.

The absolute error for the presence of iron was deter--
mined by comparing-the miiliequivalent of potassium dichromate
in terms of iron and carbon, - ' ' o

weight of sample x 1000-

If the per cent iron =

and

If the per cent A ml, Crp 07 x (n) Crp 07 x 0.3456
organic carbon =

weight of sample

then the meximum possible error due to-iron as it affects the
per cent of organic carbon determined by the Allison method can
be found by substitution in the following combined expression:

absolute error in organic carbon
value due to presence of iron B Fe‘x 0.3456
5.58)

The iron content of the sediment samples analyzed was
low enough so that this degree of iron interference should
not be significant, If the amocunt of iron were in excess of
1%, serious error would result, especially for the loWw values
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of organic carbon obtained in the survey. Scuthward (1952)
found that iron in excess of this amount could alter the
results of the method. Trask (1942) attempted to eliminate
this problem by passing a magnet through the sediment to
remove traces of pyrite., Perhaps following such a technigue,
an iron analysis could be run and If no significant quantities
were present one could employ the Alliscn method.

Salt: No correction was made for salt error. ‘Trask (1942
p. 57) deduced that although the concentration of sodium
chloride could effect the Allison method, the salinity of
the surficial sediments in the marine envircnment was usually
that of the bottom water {in Eoston Bay this value is apurcxi-
metely 31 ©/oo) wnich contributed less then 0,20% error to the
Schollenberger method. Such a magnitude of error would alfect
the results, but assuming that all values for organic carbon
are 30 affected by nearly the same concentrations of salt,
the error would not be detectable,

riSULTS

Establishing a Constant to Compute Organic Content from
Organic Carbon: As the purpose of the analysis wag to obtain
a value for organic content in situ, an attempt was made to
relate organic carton values to total organic content. The
total organic content in soils and sediments {or many years
in the past has been expressed as the welght loss on ignition
(Waksmen, 1933; Trask, 1942). with care, loss of weight on
ignition can yield reproducible results, provided the sample
i1s guarded against the adsorption of molsture, Using the
weight loss values from the ignition experiment and the values
for organic carbon obtained by the Allison-Schollenberger
method, an average organic carbon value of 41, 95 of the total
organlc content was obtained fram 1l semplee, with the cxiremes
represented ranging from 32,86% to 60. ZA but tke ma Jority fall-
ing bvetween 37% and LL4L%. To obtain all or ganic content values
for thne inshore project in the Eoston Harbcr, all organic car-
bon values were multiplied by the 2,29, a constant derived
from the median organic carbon value of L1,9%. This constant
i1s large in contrast tc those computed by Trask, 1.7 (1942),
waksman, 1,887 (1933, and toysen-Jensen, 2.0 (1914), and
implies that the amount of carbon recovered in the boston bay
sediments 1s somewhat lower than that computed for sediments
enalyzed by the above investigators,

Weksman (1933) studied the superficial sodiments of Buzzards
and Cape Cod bays, Massachusetts, which are similar to thecse
in the Boston Harbor area in that these bays are also uncerlain '
by ground moraine, He used e dry combustion methnod, obtained
total carbon values, employed an extraction technique, esteb-
lished the percentage of organic carbon to inorganic carbon,
and then computed the average organic carbon to total organic v
content to be S3%, giving & ccnstant of 1,887, These seme
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semples were also snslyzed by Waksman for loss of weight on
ignition (Table 5). If computed for the percentage of organic
carbon using his loss of weight on ignition as total organic
content, the ratio of organic carbon to total organic content
is 34.6%. The average value for organic carbon in the BEoston
Harbor survey 1is not far removed from that computed from
Waksman's data using his loss of weight on ignition as total
organic content{Fig. 2, Buzzards and Cape Cod Bays No. 2,

and Table 5), :

It is of interest here that Allison criticized waksman's
extraction method as being too variable and untrustworthy
(Allison, 1935). Apparently there is no reelly satisfactory
means of analyzing orgenic content available, Trask (1942)
admitted that one could not establisn such relationships within
less than 5 to 10% of the absolute value Wwith methods avail-
able in 1942. Emery (Emery & Rittenberg, 1952) comments on
this state of affairs as having changed but 1little. He used
Trask's constant in his computations for orgenic content.

Either an erbitrary constant based upcn unsupported
assumptions must be chosen, or, one should be computed from
the specific sediments under analysis., The latter choice is
the better alternative as long as values for organic content
using those constants most commonly employed are also given
for edditional reference (Table 6).

After a consideration of the various attempts to establish
constants by which organic carbon can be multiplied to give
organic content values, including those of the present study,
it became clear that all values for organic content established
in all work past and present are at best only interpretive
rathsr than absolute,

The Range of Grganic Content: The organic content in the
bottom sediments of the surveyed portion of Boston bay were
found to range between 0,22% and 11,7% (Teble 6), The majority
of the values, however, are delow 2%. A few high values occur
only in the uppermost layers of six specific areas, locallzed
in Boston Bay as follows: (1) 3 miles northeast of Deer
Island, (2) 1 mile esst of the seaward end of North Channel,
(3) just north of The Graves, (4) just southeast of Marblehead
Channel, (5) off the east shore of Nashant, and (6) nearly 10
miles east of The Graves,

The Origin of Organic Content in Boston Bay: The source
of orgenic matter occurring in the Bostcn Bay bottom sediments
1s believed to be derived from populations of marine phyto-
plankton (Emery & Rittenkerg, 1952; Riley, iSi1: Zobell, 1946),
Organic residues which result from the degradation of the ori-
ginal source materials by way of the food chain are ultimately
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Table 5

Organlc content data from sediments of Buzzards
and Cape Cod Bays computed by loss of weight on
ignition (after waksman, 1933)

Sample % Welght Loss % Organic % Organic Carton
Number on Ignitlon Carbon of JOrganic Content
1 7.65 31537 L, 0
2 2,50 ) .51 3.6
3 1,85 (.58 Sl
L 5.25 L. 16 33.6
5y 5.60 1,96 382
6 745 o 39 30:9
mean = 3.6 % Carbon

kenge of organic carbon:

Fuzzards Bay sediments 1,21% to 3.37%
Cape Cod Bay sediments 0.34k tc 2.75k
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Table 6

Organic content, medlan diameter of sediments, and
rigidense values obtalned from sediments from Boston Bay

2 2 us +$
o g e g~ > 2 2o g
o & $e o4 o T O —~ O O O O Q -~
—~ O O Q 0 O L PR PO ] PERN o
0,0 L E (S o Loo g o o co
-] 5] Q - o [o = M 4V (o] o o o
3] g~ g o 0o O . O B D> o
0 e e LY = 0N o N .
(@) - O wn (] (&} O > O~ (& an] -V
1 — R - o - g -~ - 2 - R n o
o} o O -t “ folife} £ 8o o~ (ol ] ol olie] o
O £ £~ oo} o a 0 o O P a M o 5 o O P o £
- O L3 o QO o) 4 o0 o o) n N~ o © o]
.0 O « N )] fo 4 “ 0 o o LMD b -~
ds 2, O ko] [N O~ QO Lox QO M~ O D O O 0N
+ o K O S+ ™ <t Ay [ T . [o4] - £
n = e = 0 (S IR ~— R — > = R_—r 8R-—> X O
132A 0' 0,022 Silt 2.02 4.64 3.46 3.8y L.o4 5,5
1324 1.,5' 0.0026 Clay 0.507 1.16 0,86 0.9 1.C1 2.3
133A o' 0.051 Silt 0.984 2.25 1.67 1.86 1.97 5.5
133b 2' 0,0026 Clay O0O.40 0.92 0.67 0.76 0.80 2.5
1336 3.5* 0,018 Siit O,o47 1.48 1,10 1.19 1.30 5.2
1344 0' 0,291 Sand 1,025 2.35 1.7 1.9, 2.05 1.8
1344 0.5' 0,125 Sand —= -- - - -- .-
13LB 2' 0,003 Clay 0.478 1.10 0.81 0.90 0.96 2.8
134B 3.5' 0,002 Clay O0.443 1,02 0,75 0.8; 0.89 1.9
w1 6A 0' 0.312 Sand 0.227 0.52 0.39 0.43 0.45 3.6
1484 o' 0,006 s11t 3,55 8,15 o,04 6,70 7.10 5,5
148B 0.5' 0.190 Sand 2.98 .83 5.07 65.62 5.96 3.2
148B 1' 0,045 Siit == - - .- -- - =
#148¢ 1,5' 0,037 Si1t 1.431 3.28 2.44 2.70 2.86 3.7
##148D 2,5' 0,217 Send 0.599 1,37 1.02 1.13 1.20 1
1524 o' 0,054 Si1t 1,361 3.12 2.32 2,68 2.82 5.5
152B 2' 0,002 Clay 0,463 1.06 0.79 0,88 .93 2.2
152B  3.5' 0.044 Si1t 53 -- .- - -- --
152C L' 0.002 Clay 0,813 1,17 0,87 0,97 1.03 2.,
152D 6' 0.003 Clay 0.580 1.33 0.99 1.09 1.16 1.3
152E g+ 90,003 Clay 0,504 1.15 0.86 0,95 1.01 2.5
1528 9' 0,020 Siit = - - .o -- --
1524 o' 0.022 Silt 0,264 0,605 0.45 0.50 0.53 5.5

Note: Column 6 gives organic content values computed from
the factor 2.9 derived from the present analysis; Column 7
values computed from Trask's factor 1,7; Column values com-
puted from Waksman's constant 1,887; and Column 9 values com-
puted from Boysen-Jensen's factor 2,0,

# Samples containing coal fragments

i+ Samples from cores believed to be disturbed during coring

operat!ons,
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153B
153E
163C
163D
153D
153D
154A
154B
154C
154D
164 =
1565A
155A
162A
1624
162B
162C
#3t163A
#163A
3 166A
231668
##169A
169A
169B
109C
169D
169D
170A
170B
##173A
%1738
174A
17ha
174B
##175A
178A
1784A
+4178B
#:178B
179A
176k
180A
183A
131 8L A
187A
188aA
189A
189B
189C
1C2A
192B

2!

j=
n

n
n

0.002
0.047
0.00L
0.002
0,001
0,0015
0,006k
0.0057
0.021
0,0031
0.0019
0.378
0.056
0.083
0.0038
0.0501
0.,0037
0.C026
0.144
0,017
0.252
0,0013
0.002
0.176
0.059
0.013
0 115
1.42
0,0069
0.0034
0.233
0.081

0,070
0.0014
0.092
0.026
0.015
0.041

0.071
0.071
0.027
0.0097
0.026
0.112
0,012
0,013
0.029
0.003
0,051
0.139

Table

Ciay
Silt
S11t
Clay
Clay
Clay
S11t
S11t
Silt
Clay
Clay
Sand
Silt
Sand
Clay
Silt
Clay
Clay
Send
Silt
Sand
Clay
Clay
Sand
Silt
Silt
Sand
Sand
S11t
Clay
Sand
Sand
Sand
Clay
Sand
Siit
Silt
Silt
Gravel
Sand
Sand
Silt
Silt
Silt
Sand
Silt
Silt
Silt
Clay
S11t
Sand

6 (cont'd,)
0.35 0.803
0.414 0©.95
0.439 1.01
0.375 0.860
2.56 5,86
0.724 1,66
0.541 1.24
0.313 0.72
0.407 ©€.,93
1.82 4.16
0.454 1.04
0.502 1.15
0.449 1.03
1.83 L.19
0.339 0.78
5,13 11.73
0.215 0.49
3.68  8.4h4
1.05 2.41
0.856 1.98
1,35 3.10
1.23 2.82
0.632 1.45
0.736 1,69
2.63 6.03
C.149 0.34
0.213 0.49
0.415 0.95
0.094 0,216
1.85 L.24
1.19 2.73
1.22 2,80
1.18 2.70
0.591 1,35
3,22 7.38
4.05 9.28
L4.09 9637
0.123 0.282
3.45 7.91
L.53 8ol
2.44  5.60
0,219 0.50
0.91 2.09
0.31: 0,72

0.59
0.70
0.75
0,64
4.35
1.23
0.92
0.53
0,69
3.09
0.77
c.85
0.76
3010
0.56
8.70
0.37
6.25
1.79
liertd 7
2.30
2.10
1.08
1.25
L.52
0.25
0.36
Qs T
0,2

T Ll
2.01
2.08
2.0

1,01
5.50
6.80
6.95
0.21
5.86
2,60
L4.15
0.37
1,55
0053
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Table 6 (contid.)

1944 o' 0,095 Seand 1.0 2.29 1.7 1.89 2.0 5.5
194B 2' 0,143 Sand 0,32 0.734 0.54 0.60 0.64 2.1
194C 4' 0.117 3Send 0.5 1.1k5 ©.85 0.94 1.6 2.4
#3:197A o' 0,0036 Clay 2.29 5.25 4.93 5.%6 5.8 5.5
#3:197B 2' 0.125 Send 0,45 1,03 0,77 C€.85 0.9 2.05
1984 o' 0.056 s11t 0,63 1,44 1,07 1,19 1,26 3.2
198B 2' 0,098 Sand 0,79 1.%1 1.34 1.49 1.8 5.5
200A o' 0.049 si11t 0,876 2.01 1,49 1.65 1.75 4.8
200B 2' 0.0053 S11t 0,541 1,24 0.9¢ 1,02 1,08 2.45
200C L' 0,001 Clay O,428 0,98 0,73 0,81 0.8 0.9
201A 0' 0,083 Sand 0.o025 1.%3 1.06 1,08 1,25 2
201B 2' 0.0015 Ciay 0,791 1.81 1,35 1.49 1.8 1.85
202A o' 0.062 Send 0,51 1.17 0,87 0,96 1.C2 4.2
202B 2' 0.0025 Clay 0,211 0.483 0.36 o.%o 0.42 1
202C 3.5' 0,0061 Siit O0.429 0.98 0.73 0.81 o.éb 1
203A o' 0,088 Send 0,543 11.24 0,92 11,02 1,09 3.5
203B 2' 0.062 sand 0,337 0,77 ©$.57 0.64 0.67 2.1
2044 ¢t 0,093 Send 0,51 1,17 0.87 0.96 1,02 3,2
204B 2' 0,061 Send 0,418 0.96 0.71 0.79 0.8% 1.85
206A 0! 0,113 Send 0,288 0,66 0,49 0.54 0©.5 3.5
206B 2' 0,051 S11t 0.337 0.773 0.8 0,64 0.66 1.5
207A 0' 0.101 Send 0,337 GC.773 C.58 0,64 0.68 e
#2084 o' ¢,018 s11t 2,24 5.1 3.81 4.23 4.48 5.5
209A O' 0,104 Send 0.792 1.81 1.35 1.%9 1.59 4.7
209B 2' 0,097 Sand O,L69 1,07 0.80 0.89 0.94 2.9
209C 3,5' 0,053 Si1t O0.495 1.13 0.8; 0,94 0.99 2.4
#4210A o' 0,123 Sand 0,197 0.45 0.34 0,37 0.39 5.5
##211A ¢c' 0,105 Send 0,13 0,30 0,22 0,25 0.26 1.7
##211B 2' 0,116 Sand 0,13 0.30 0,22 0,25 0.26 0.9
##213A 0' 0,189 Send 0,455 1,04 0.76 0,86 0.91 1.9
#4 21 3A 2' 1,56 Seand 0.306 0.70 0.52 0.58 0,61 0.2
214A o' 0,051 Si1it 0.835 1.94 1.4y 1.59 1.69 5.5
214B o' ¢,012 Siit .26 5,23 3,860 U4.30 L.5y 2.8
214B L' 0.,0031 Clay 0.369 0.82 0.63 0,70 0,74 2.6
216A 0' 0.252 Send 1,073 2.4 1.82 2,02 2.14 5.5
216B 2' 0,073 Se&nd 0,92 2,11 1.55 1.74 1.8y 0.7
216B L' 0.0043 Silt 1.0 2.29 1.70 1.89 2,0 1.8
#3421 7A o' 0,185 Send 0,283 0,65 0.48 o0.,54 0,57 0.9
219A o' 0,009 si11t 3,65 8,35 6,20 6,87 7.30 5,5
2198 2' 0,114 Send O,44 1,01 o0.75 0.83 0,88 2.5
219C 4' 0,0021 Clay 0,375 0,86 0.64 0,71 0,75 0.6
#42 221A 0' 0,0039 Clay 2.62 6.01 L.45 4.95 5.25 5.5
221B 1' 0,076 Send 0,539 1,23 0,92 1,02 1,08 5.5
221B 3' 0,056 Si1t 0.849 1.94 1l.44 1.60 1.7C 5.3
235 22 2A o' 0,124 Sand 0,256 0,59 O.44 o,48 0,51 1.8
224A o' 0,099 Sand 0,625 1,43 1.06 1,18 1,25 3.3
224B 2' 0,0042 s11t 0,704 1,61 1,19 1.33 1.43 2.4
224B L' 0,0046 Si1t 0,869 1.99 1,%8 l.64 1.72 1.3
225A o' 0,049 Siit 0,483 1,11 0,82 0.91 0.96 5.5
225B 1' 0,038 siit 0,57 1,31 0,97 1.08 1.1 2.65
225C 2' 0.053 S11t 0,792 1.6 1.34 1.49 1.5 2.6
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Table & (cont'd.,)

226A c' 0,059 11t 0,57 1.31 0.97 1,08 1.14 3.3
226B 2' 0,050 s11t 0.343 0.785 0.58 0.65 0,69 3,05
22€RB L' 0,0014 <Ciay 0,357 0,82 0.061 0,67 0,71 0.55
227A 0' 0,067 ©Sand 0,826 1.89 1.40 1.56 1.65 65,1
227B 2' 0.079 Send 0.339 0,78 0,58 0,64 0.68 2.7
g 227B 3.,5' 0,091 Send 0.5%5 1.29 0.96 1,07 1.12 3.25
228A o' 0.094 Sand 0,420 0,964 ©.71 0.79 0.8 3
228B 2' 0,006 siit ©,591 1.35 1.01 1.11 1.1 0.65
229A 0' 0,119 Seand 0.586 1.3 1,00 1.10 1.17 4.5
2258 2' 0,0011 Clay 0,58 1,33 0,99 1.09 1.16 0.6
2296 4.5' 0©,0013 Clay 0,453 1,04 0.77 0.85 0.91 0.45
231A 0' 0.049 s11t 0.890 2,04 1.52 1.69 1.79 5.5
231b 2' 0,0021 Clay 0,506 1,16 0.85 0,94 1.0 0.9
233A 0O' 1,007 Sand 2.61 5.97 4.44 L.92 5.23 5.5
233B 1.5' 0O.453 Sand 0.65 1,49 1,11 1.23 1,30 5.1
t 234A ot 0,059 s11t 0.92 2,10 1,57 1.768 1.8, 3.7
] 23Li 2' 0.0022 Clay 0,893 2.05 1.52 1,68 1,79 1.25
| 234¢C L' 0,002 Clay 1.47 3.3 2.5 2.79 2.9 1.9
F 235A 0' 3.19 Gravel 6,792 1.81 1.35 1.49 1.5 2.2
; 2350 2' 0,001 Clay 9.536 1,23 0,91 1.01 1.07 0.45
b 235C L' 06,0033 Clay 0.62 1.472 1.05 1.17 1.2, 0.7
' 237A O' 0.188 sand 0,753 1.72 1.28 1,42 1.50 3.%
237B 2' 0,0046 sSi1t o©,40 0.92 0.68 ©.76 0.80 0.85
237¢C 3t 0.130 Sand 0,775 1.77 1.32 1.46 1.55 4,15
238A 0' 0.157 Seand 0,592 1.35 ©.99 1.11 1,18 3.4
238B 2' 0.,0049 S11t 0,594 1,36 1.01 1.12 1.19 2.4
239A o' 0,192 Send 0,491 1.12 0.83 0,93 0.98 2.0
239B 2' 0,047 S11t 0,289 0.6 0.49 0.55 0,58 1.8
2L 1A o' 0,124 Send 0©.92 2.11 1.57 1.7 1.84 2.45
2418 2' 0,053 Ssi11t 0,552 1,26 0.94 1.0 1,10 L
"eeuaA ¢t 0,008 s11t 2,65 6,08 4.50 5,90 5,30 5.5
42l 2A 1' 0,163 Sand 0,376 0,86 0,6k 0,71 0,75 1 8g
wn2u3A o' 0,006 s11t 2,263 5.20 3.86 L4.26 L4.53 5.5
#2434 0,5' 0,143 Sand -- -- -- -- --
332, 3B 2' 0,179 Send 0.452 1,04 0,77 0,85 0,90 2,2
24 5A ot 0,005 si1t 0,66 1,51 1.12 1,25 1.32 &5.5
24 5B 2' 1,497 Sand 0,995 2.28 1.69 1.88 1.99 3.4
24 5B 4t 1,57 Send 0.997 2.28 1.70 1.88 1.99 2.4
2L6a 0' 0,152 Sana 0.521 1.19 0.89 0.98 1.04 3.2
2l AL 2' 0,140 Send 0,525 1,20 0.90 0,99 1,05 6
2494 0' 0,126 Send 0.531 1,22 0,91 1,00 1,06 &5.bL
2L,9B 2' 0.047 s11t 0,267 0,61 0.45 0,49 0.53 2.5
##251A o' 0,003 Clay 2.67 6.11 4.5 5.04 5.3 5.5
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dispersed by tidal currents in the same manner as the coastal
transport end deposition of fine-grained sediments, Little
organic matter i1s attributed to that transported by river

and sewage effluents, except in extremely localized areas
near such efflusnt outlets. (Crosby, 1907; La Forge, 1932;
Twenhofel, 19503 and others).

The Nature of Organic Reslidues in the Boston Bay Sediments:
Twenhofel (1950, p. L70-L71), Zobell (1946), and others state
that recent organic residues found in freshly deposited marine
sediments of an estuarine-like environment are ligno-proteins
hemicelluloses, and perhaps gums, which are acted uwpon chiefly
by bacteria in fairly well aereated surface layers of the
sediments, In time as sedimentation proceeds, these compounds
change more and more to waxes, fats, snd resin-l1ike organic
residues which are oxygen low and carbon rich in constitution.
The trend is toward an increase in the ratio of carbon to
totel organic content, Trask is in asgreement with this con-
tention and uses a constant of 1,7 for recent sediments with a
lower carbon content, and 1.5 for ancient sediments with a .
higher carbon content, Waksman has shown what organic com-
pounds are likely in such residues for sediments analyzed in
his leboratory (Waksman, 1933). Twenhofel refers to an analysis
by David White regarding aging of organic residuss in sediments
(Twenhofel, 1950, p, 481). Boysen-Jensen was more concerned
with the organic carbon content of living plant tissues (the
marine phanerogam, Zostera), which he assumed was the chief
source of organic content in estuarine environments. He estab-
lished velues for vascular plant detritis and extrapolated for
those in sediments (Boysen-Jensen, 1941). Considerable informa-
tion can be found in the literature of blochemistry dealing with
the problem,

Even though 1t 1s recognized that such organic residues
do exist in sediments, and something 1s known concerning their
chemical nature, it should be clearly understood that the
whole question of establishing values for organic content, let
alone the kinds of organic maetter in sediments, is based upon
a number of assumptions not yet supported by sufficient evidence.
For this reason, Trask (19&2% preferred to discuss organic con-
tent in terms of organic carbon per se. The discussion that
follows in this present study should be seen in the light of
these clrcumstances,

The mean carbon content and the spread of values obtained
from the Boston Bay sediments is 1ndicated iIn Figure 2, where
they are compared to mean analyses of other sediments and to
the carbon contents expected for a variety of types of organic
material associated with organic deposits. The source materials
and direction of reduction are also suggested to indicate the
gradual transition of low carbon compounds to high carbon
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compounds in time with depth and other changes in the sedl-
mentary environment.

If the methods for carbon analysis were comparable the
carbon of the organic residues in the Eoston Eay bottom
sediments 1s not reduced to the same degree as 'n the sedl-
ments studied by Trask, Emery, saksman, and boysen-Jensen in
other environments, The scstter of carbon values suggests
that the hoston tay sediments have mostly hemicellulose-like
rather than protelnaceous, ligno-protelnaceous, or waxy-resin-
like residues. The presence of hemicelluloses and similar
carbohydrate-1lilke compounds suggests organic materials which
have undergone 1little degradation and are more nearly related
to phytoplankton residues.,.

Organic Content and its nelation to Sediment Stability:
It was the object of this study of organic resldues to relate
the types of organic materials Involved to the effects they
produce on the physical qualities of sediments. A compariscn
of the organic coritent data with the fileld data for the Bos-
ton Bay area sh:4s a qualitative correlation with rigidense
end grain slze, Although there is llkewlse some gualitative
correlation with water content and bulk density, these latter
factors are belleved to ve expressed by the rigildense values
(C,e,i, Ref, No, 52-24)., Data from the boston liarbor inshore
Survey supports this ccntention to a limited extent (a.H.O0.IL,
Kef, No, 52-56),.

The higher values of organic ccntent in all caces are
associated with fine fractions of sediment (w.i.0.1. hkef, No,
53-17); namely, the silts and clays (Fig. 3). This fact is
not only borne out in the data obtained from Boston Inshore
Survey, Dbut slso 1s supported by the work of Trask (1942),
Emery and Rittenberg (1952), Waksman {1933), and others
(Twennofel, 1950),

Although clays ex_osed on the harbor bottom occasionally
reached 6% organic content, most clays which are belisved to
be of glecial origin occur beiow the surtace and values
range from 0,7% to 1.6% generalliy (see box in left-hand corner
of Fig. 3), The highest values for organic content were
obtained in silts and clays in the superticial layer of sedi-
ments 1in certaln areas, Such values obtained ranged from L%
to 11,7%. Organic content occurring in silts at depth was
relatively low, mostiy less than 2%, Sands and coarser sedi-
ments, especlelly those free of any fine-grained fractions,
contained the lowest percentages of organic content, ranging
mostly below 1% and including the lowest values obtained
(Table 6, and Fig, 2).
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Rigidense values show a posltive covariation with crganic
content in this present survey. The higher the rigidense the
higher the organic content, generally. As there is some
Increase both in rigidense values and organic content with
decrease in grain size, the increase in rigidense might not
be caused by the higher organic content, However, a study
of the relationship between rigidense and grain size did
indicate that other factors might be operating which affect
the stability of sediments as measured with thne rigidense
instrument (C,B,I, Ref. No. 52-24). Since the presence of
colloidal particles of organic matter in a clay is known to
increase its plasticity, it has been assumed that organic
content is an important modifying agent-affecting the stabi-
1ity of fine-grained sediments (Taylor, 1948, pp. 378-379).

J., J. Donahue has cerried out some experiments on marine
sediments from Narragansett EBay and littoral sediments from
the coast of Maine and the effects of hemicellulose-like’
organic compounds in reducing shearing strength, and reports
the following from his unpublished work®,

(1) Hemicellulose-like residues have been observed as a
constituent part of recent marine sediments;

(2) In certain samples it was observed that under the cir-
cumstances of certain environmental factors which sup-
port oxidation in favor of reduction, hemicellulose-like
organic residues can account for the major portion of
the orgasnic content of the sediment}

(3) It was demonstrated in the laboratory that samples con-
taining natural water and hemicellulose-like residues
as an integrel part of the sediment composit show less
resistance to penetration than do the same semples with-
out the residues, but where the natural water content
haes been kept essentially the same,

J, J. Donahue's observations tend to support the findings
of this present survey with respect tvo the kinds of residues
present in the marine sediments of the region. He also offers
evidence for a direct correletion between loss of shearing
strength and the presence of hemicellulose-like residues in a
sediment, :

Organic Content and the Sedimentary Environment: The
highest values for organlc content obtained in this survey
in Boston Buy were always associated with accumulations of

% Personal correspondence from J, J., Donahue, March 18, 1953,
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fine-gralned sediments and usually high riglidense values,

At depths of 2 and l feet, respectively, Kullenberg cores®™
provided samples indicating what may have lLeen o0ld aeposition
areas for flne-gralned sediments shown by the presence of
organlc content In excess of values In the adjacent vicinity.
Often such old regions of sllt derosition which may have been
in existence severasl thousands of years were located near,
but somewhat dlsplaced from, recent surface silt deposition
areas, suggesting that the coastal topography o! the region
had been modified in more recent times %Fig. LA, E).

In thils survey some knowledge of the higher values of
organlic content in the proflle of bottom sediments has pro-
vided a helpful clue in the location of the mcre unstable
sediments occurring in the Boston Harbor approaches, Con-
versely, areas with low values for organic content tend to
support evidence suggesting more stable areas in the bottom
sediments of thils region,

Surface samples from ths Kullenberg cores glve some evi-
dence of local sewage effluent pollution of the flne-gralned
surface sediments near sewage outlet sources, The lowest
organic content values occur between and beyona such effluent
outlets, The very highest values for organic content in sur-
face sediments occur near the northeest end of North Channel
near the Deer I[sland sewage outlet, Organic content values
range from 11.7% at the northeast end of the channel (statlion
166)%%, to 6,01% (station 121) at the seaward extension of this
local region where high values of organic content occur,
beyond and to the seaward c¢f this area delimited to the north-
east of North Channel (Fig, LA, 5, Table 6), organic content
values 1n the surface sediments crop off ragidly to 1.8% or
lesz, Dats from stations 100, 163, 180, 100, and 104 ncear
th: end of North Channel are lacking at 2 and 4 fcot lovels,
but cores from stations 221, 189, 219, 169, ana 173 1n the
same vicinity imply that this depositlion area 1s probably one
of ccnsiderable age, However, considering the possibllity of
thlis region being subject to the dumping of refuse and channel
dredgings, the above conclusions may be unjustifled.

3% The location and number for statlons 1n Boston Bay from
which Kullenberg cores were obtained are given in W,H,0.I.
Ref, No, 52-56,

#% Station 166 lies inside the region within which bacterio-
logical analysis reports a 90% positive count of Coli-Aerogenes
group bacteria from a 0,1 cc porticn of sea water (Common-
wealth of Hass,, 1937).

CONFIDENTIAL

SECURITY INFCRMATION




R i fdeas

SECURITY INFORMATION

CONFIDENTIAL

wd =
*£8g uc3s0g U} 3U93qUO0O OFuB3JI0 JO uolanqQILISIP eyl “vyh 14 A m
o
=z
o
[ = m 2
D (]
g 4
B 5
Z &
] Q 2
& Iy
$ n.u‘ - O
V.
" Y & o, °
-0 o
- &enw = . . v W
nmEu . =3 —o o
¢ =
(S
0
-
= I
wl
=0
Lwno
& 4 &4
Y o &
°l
H o
0. & %eo> | %/ > — “%r> O |
- - o) YLOCUP/I>O Il N/ICUT) = %P<(Y%L> N |
um = %7l U< = YR 4
Y 72477 .9 LY TATY, 2 LY 2RMS LY
mm LNUMDO IR0  UNO &I
o)




e e | ———

-

*£8g uo0qs0g UJ ©LOT3BFS 8J00 JaequeTIny JO UO}38O01

- 3
< -
et m
b %0l L05.0L
m QQN T o
b .N‘
J - 14
ar- . e . 2 (|
_— SLNRON> TVOU XONSY T -
ey H §) DO LY OFF JUIN SUNP ' WOIWIXVW — 00— \o..\
MH W £ FIAT LY COONS JULY SYNE * WOWIIVIY <V —
Q 9 IST e (<aonr A7) SIN7¥¥7> 76071 . e
C 98] = nN\
&re S, ow°®
nN\o . 8L/
SE/ o6/ . e o ity 2rze
(/g © @ oo cwe pe/ 29/ 5, 72¢
o 0¥ o o SLI _A° GE/° ® 7
& T Csqy 20 o~ o P12
[ ] &0
9
p— [ J \\
U . uze M o
\\Q.Q‘ n_m.N [ ] 2 ® ° \
- o
» [ ] [ ]
— VDNN L "
icae e ®
N \g. % ® 0NN
r e (%r & o oz2° /
S67 ® T’ o 22 ¢
02® o2
poZ°® /\P\
LT 4
° .
. LEZ o 202 wn
-t OfZ “MN ° NMONN ()
b6Z ®
A= o € B
602 o -
b2 o PY Nr’
,OF s a ,OF
ON\Y L /4 O d ONV
,06,0L Lo, 0L ,00,/L

CONFIDENTIAL

SECURITY INFORMATION

L

- ———




CONFIDENTIAL

SECURITY INFORMATION

An ancient deposition erea 1s suggested east of the North
Chennel entrance *n the vicinity of The Graves (stetlons 169
end 178), The crganic content and rigidense values are some-
what higher at all core levels sampled than those for the
surrounding area,

About two nauticel miles to the northeast of North Channel
another old region of deposition is suggested at & depth of
2 feet, but not at 4 feet (stations 21L, 189, and 216)., Deer
Island wes cut off from the mainland until 1936 (Nichols,
1948) and & ship channel from the Mystic and Charles Rivers
delte area cpened over & sill through which tidal currents
passed, The so-caslled settlement area lies in the path of
what was probably a former track for tidal currents passing
to and from the sill. At the junction of this tidal stream
with another coursing around the southeast end of Nahant
Peninsula entering the Saugus River estuary, a check in
current velocity may have occurred over this so-called deposi-
tion areas, contributing to its sedimentation., The low values
for orgenic content at a depth of I} feet would suggest that
the deposition of fine-grained sediments took place only over
a8 limited period of time in the area.

Where strong tidal currents enter and leave the Saugus
River estuary in the vicinity of the Lynn sewage outlet in
contact with a slowWwer moving mass of water in Nehant Bay,
surface sediments contein organic content values between
1 .0% and 7.0% (stations 157 and 233), Rigidense values are
likewise high for the immediate area delimited. To the north-
east of the surfaece area just described, at depths of 2 and
i feet, the concentrations of organic matter are generally
higher than those for the surrounding area at those levels,
ranging from 1.3% to 3,0% (stations 22 and 23i). It might
be assumed that this history of this particular deposition
area has been a long one, even though the superficial deposi-
tion ares hes been shifted to the southwest, due possibly to
changes in the coastal topogrsaphy,

What may be presumed to oe an area of deposition was
noted just seaward to the southeast of Marblehead Channel,
Values rfor organic content range from L% to nearly 6% in the
surface layer of silt (stations 242, 2443, and 208). Rigi-
dense vealues are correspondingly high, At a depth of 2 feet
the low organic content values indicate that the immediate
area has not been long an area of deposition. However,
what may be an ancient subsurface deposition area is indicated
by & group of three cores obtained from sediments to the south
of the surface region of deposition just described (stations
237 and 235). The organic content values range between 1.5%
and 2% in this area, even at the L foot level, Although
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such evidence might suggest that earlier this was an area
subject to the deposition of fine-grained sediments, the
relative amounts of orgenic matter found in thils part of Bos-
ton Bay is small in contrast to values cbserved in other =
merine sedimentary environments such as the Gulf and California
coasts (Trask, 19,2; Emery & Rittenberg, 1952).

A erea of deposition just north of The Graves is suggested
in the station group including 148, 163, and 173, the uppermost
leyers of which contain organic content values ranging from
4.19% to 8,15%, High rigidense accompenies these values,

A region of deposition is inferred by organic content
analysis at the end of the eastern leg of the R/V CARYN's
coring operation (stations 155, 154, 152, and 132). It should
Le mentioned that station 155 is on a considerably higher rise
of the bottom than the other three stations mentioned and may
not be related to them. Apparently a surficial layer of sedi-
ment occurs in this area, having a rangs of organic content
values between L% and 6%. The area may be considered to be
safely beyond the influence of sewage effluents by virtue of
its distance from such sources and the nature of the tidel
circulation pattern over the region (U. S. Dept. Comm.,, U, S.
C. & G, S, Serial #50l), Such being the case, the amount
of organic content may be considered to be the result cf
natural sedimentary sgencies uninfluenced by the activities
of man. The subsurface sediments contain orgenic content
values at the 2 end 4 foot levels, indicating that presumably
sedimentation processes depositing silts and clays have been
in progress over several thousands of years., Three of the
five cores obtained had organic content velues over 1% in
contrast to values renging less than 0,5% in the subsurface
leyers adjecent to the so-ceiied deposition area, Daspite
the assumed length of time involved, the sedimentation rate
has been moderate ss indicated by the rether low level of
reduction of organic residuss shown in the analysis, Rigi-
dense values ere moderate for the subsurface layers, suggest-
ing that the plasticity of fine-greined sediments present are
not seriously affected by orgenic content,

High values for organic content were noted for stations
251 and 2Ij5. However, as there were no other stations in
their immediate vicinity with corresponding values, no con-
clusions are attempted regarding their significance.

A general statement with regard toc organic content in
the fine-grained sediments of the Boston Bey area should empha-
size the fact that organic content values only approached
what are believed to be critical values in the immediate super-
ficial layers of a few isolated areas described, The extent
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of weakening of a fine-gralned sediment by the presence of
organic content in quantity 1s undetermined as rigidense values
in the more critical cases were beyond the scale of the rigi-
dense instrument much of the time. However, such critical
ereas were shown never to exceed z feet in thickness, In con-
trast toc the organic content of marine sediments in silt and
clay-filled basins off the Gulf states and California cosast,
even the highest values obtained in this inshore survey of

the Boston Bay region were in general significantiy lower
{Emery & Rittenberg, 19523 Trask, 1939, 1937, 193&, 1933;
Weksman, 1933)%

Although the environment of the sediments studied by
Waksman compare favorably with those of the present study,
the environments of the sediments studlied by Trask in the
Gulf states and Southern Californie offshore regions were
generally farther from shore =2nd in deeper water. Perhaps
a more realistic comparison of date may be made when the
results from the present survey are studied along with those
from other inshore programs now in progress.

# Emory reported a median of nearly 6% organic content with a
few high velues, ranging from 8.5% to nearly 11.0%, for inshore
sediments of the Southern California basin, at a depth of 3
inches below the surface layer,
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SUMMARY

An analysls and study cf the significance of organlc
ccntent In sediments of Boston Eay was undertaken as part
of the Inshorc Survey Program,

l. An analysis was made for organic carben using Allison's
modification of Schollenberger's chromic acid reducticn method
for the determination of organic carbon irn soils, Application
of the method to marine sediments regquired some further modl-
fications; namely, a careful sample preparatliorn schedule, a
longer digest period at constant temperature, the addition of
silver sulfate, and a need for iron analysis to determine if
it were present in cencentrations which would interfere, In
the case c¢f the Boston Bay sediments, iron content wes found
to be low and 1ts effect upcn the analysis was considered
negligible, It was felt thst no correction was necessary for
salt error using the silver sulfate, Tt was found unnecessary
to use a Klpp generator to provide a hydrogen atmosphere over
the ferrous ammonium sulfate sclution as 1ts stablility was
satisfaztory for the duraticn of each vreparation of the re-
agent. An increase in acidity of the reegent seemed to favor
its stebllity,

2. The Alliscn method is not an accurate means of obtalning
absolute velues for organic carbon, a tact reccgnized by rmmery,
Trask, and others, The method has the inherent weakness of
reflecting the state of reduction of a number cof so0il consti-
tuents other than organic carbon, depending largely upon the
specific conditions in the environment, Only relative values
or reduction numbers can be obtained with tnis technique,

3, To establish a constant by which urganic carbon could be
referred to total organic content values, tgtal organic matter
analysis was made on 8% of the ssmples oy weight loss on
ignition, The mean percentage of organic carbon was ccmputed
as 41.9% of the total organic content; hence the mean organic
content is 2,29 times the organic carbon value, The organic
content values obtained in the *present analysis were computed
by multiplying values for organic carbon by 2.29.

4, Organic matter deposited in the sediments of boston Bay
i1s believed to be derived lergely frcwm mariane sources, the
mest important of which are the populstlons of phytoplankton
in coestal waters,

5. Organic content ir Boston Bay ranges from (©.215% in

coarse sands to 11,7% in fine silts; but the majority of values
are bslow 2% and occur in various grades of sands.
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5, As the average percentage of organic carbon was com-
rnted as 41.9% in the Boston Bay sediments, it is implied
by ‘niterpretation that mostly nemicellulose-llke orgaric
residues occur in the sands, silts, and clays. Unpublished
data froem another study shows that significant amounts of
hemicelluloses occur in marine sediments, and do influence
the plasticity of sediments, Studles by Trask on sediments
offshore from the Gulf states and Southern Celifornia, ana
by Boysen-Jensen in those from a fjord in Norway, suggested
that more nighly reduced organic residues occurred in the
sediments of those reglons in contrast to those of thc Loston
Bay area. The possible inference is that the LHoston zay fine-
grained sediments may have been deposited mor~ rapidly., In
addition there is the suggestion that the high percentage of
organic content reported by these investigators for their
respective studies mentlioned above might indicate that there
was possibly a greater accumulation of fine-grained sediments
in those environments than in the Boston Harbor arca. waksman's
study of seaiments in Buzzards and Cape Cod ftays tends to
support the present analysis, provliding cne uses his welght
loss on ignition values for total organic matter,

7. A positlive covarietion was noted smong niigher organic
content and high rigidense values end small grailn sizes, The
smaller the grain size and the more plastic the seaiment, the
higher the organic content generally, For a glven graln size,
organic content decreased gradually with depth,

8. An analysis of organic content with respect to field
positions and depths of the samples provided some suggestion
as to reglons of recent or more anclent or long-standing sedl-
menitation in the seme localized deposition areas where fine-
grained ssdiments have accumulated, These areas, including
poth recent and ancient deposits of fine-gralned scdiments,
sre localized in boston Bay as follows: 1) 3 miles rnortheast
of Deer Island, (2) 1 mile east of the seaward end of North
Channel, (3) just north of The Graves, (4) Just southeast of
Merblehead Channel, (5) off the east shore of Nahant, and (0)
nearly 10 miles east of The Graves,
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